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C A SE REPORT

A 52-year-old Caucasian female patient with a history of type 1 
diabetes mellitus was diagnosed with BRAF-negative metastatic 

(lung, liver, and pancreas) melanoma in April 2018, and nivolumab 
and ipilimumab (1  mg and 3  mg/kg body weight, respectively) 
were initiated. Computed tomography–based staging revealed 
significant tumor load reduction under immune checkpoint 
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Abstract
Neurological immune-mediated side effects are rare but often severe complications 
of immune checkpoint inhibitor (ICI) treatment. This report describes a severe case of 
nivolumab/ipilimumab-associated glutamic acid decarboxylase 65–positive autoimmune 
encephalitis. It proposes neurofilament light chain levels, a biomarker indicating axonal 
damage, in the cerebrospinal fluid and serum as a putative novel biomarker for this di-
agnostically and therapeutically challenging entity with an often unfavorable outcome. 
Additionally, we provide an overview of previous reports of patients developing autoim-
mune encephalitis under ICI treatment.
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inhibitor (ICI) treatment 3  months after commencing treatment. 
Two months later, she developed autoimmune encephalitis with 
short-term memory loss, cognitive dysfunction, limb ataxia, and 
epileptic seizures. Cerebrospinal fluid (CSF) analysis revealed 
pleocytosis and elevated immunoglobulin G antibody index indi-
cating central nervous system (CNS)-localized antibody produc-
tion throughout the clinical course. Immunohistochemical analysis 
showed positive CSF and serum staining of monkey cerebellum 
(Figure  1a). Enzyme-linked immunosorbent assay detected high 
CSF and serum concentrations of anti-glutamic acid decarboxy-
lase 65 (GAD65) antibodies, whereas commercially available cell-
based assays for antibodies to neuronal surface antigens were 

negative. Cranial magnetic resonance imaging (MRI) showed small 
alterations such as a gadolinium-enhancing inflammatory lesion of 
the right superior frontal gyrus in August 2018 and a small new 
inflammatory lesion without gadolinium enhancement of the left 
gyrus rectus in December 2018 (Figure 1b). Sequential CSF anal-
yses were negative for tumor cells. Although GAD65-associated 
encephalopathies usually show significant MRI abnormalities such 
as temporal lobe involvement, cases with minor MRI alterations 
(such as in our patient) have also been reported [1,2. Moreover, a 
recent study by Vogrig et al., in which ICI-associated CNS side ef-
fects were analyzed systematically, showed normal cranial MRI in 
approximately one-third of patients with ICI-induced autoimmune 

F I G U R E  1  Antibody detection, magnetic resonance imaging, and serological and clinical findings. (a) Monkey cerebellum section 
incubated with cerebrospinal fluid (CSF) of the patient. Immunoglobulin G (IgG) autoantibodies were visualized using a fluorescein 
isothiocyanate–coupled anti-human IgG secondary antibody. Brain section and secondary antibodies are part of a commercially available 
kit (Werfen GmbH, Munich, Germany). (b) Cranial fluid-attenuated inversion recovery sequence magnetic resonance images showing a 
faint gadolinium-enhancing inflammatory lesion of the right superior frontal gyrus in August 2018 and a nongadolinium-enhancing lesion 
of the left gyrus rectus in December 2018. (c) Modified Rankin Scale (mRS) score as an indicator for the clinical course is shown in relation 
to glutamic acid decarboxylase 65 (GAD65) antibody and neurofilament light chain (NfL) levels. The blue lines show falling CSF and serum 
GAD65 antibody levels based on immunohistochemical titration (monkey cerebellum) under pausing of immune-checkpoint inhibitor 
treatment and immunotherapy. Similarly, falling GAD65 antibody concentrations were measured by enzyme-linked immunosorbent assay 
(values reported in Table S2). The red lines show increasing CSF NfL and constantly elevated serum NfL concentration (mean = 40 pg/
ml ± 17.6) compared to 62 healthy controls (mean = 5.7 pg/ml ± 2.8). Ab, antibody; gcl, granule cell layer; I, ipilimumab; ml, molecular layer; 
mRS, modified Rankin Scale; N, nivolumab; pcl, Purkinje cell layer. [Colour figure can be viewed at wileyonlinelibrary.com]
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encephalitis [3. ICI treatment was paused, and immunotherapy 
was initiated including corticosteroids and B-cell depleting ritux-
imab (375 mg/m2). Although data on diabetes-inducing antibodies 
to GAD65 before ICI treatment were lacking, we hypothesized the 
boosting of a preexisting autoimmune condition as the cause for 
developing autoimmune encephalitis.

Despite an initial improvement, the encephalitis recurred after reini-
tiating monotherapy with nivolumab. At this point, immunosuppressive 
therapy remained ineffective. Following the patient's will, treatment 
was halted and the patient died under palliative care in April 2019.

A search of the available literature identified 26 reports of 
patients who developed autoimmune encephalitis while under-
going treatment with ICI. Two patients developed GAD65 auto-
antibody-positive limbic encephalitis after 3  months of treatment 
with ICI for a metastatic neuroendocrine tumor of the thymus and 
progressive lung cancer. In contrast to our patient, both responded 
well to antibody-depleting therapy consisting of rituximab. As in our 
case, one patient had a history of type 1 diabetes mellitus. Table S1 
summarizes all 26 cases focusing on antibody findings, onset latency 
of autoimmune encephalitis after initiation of ICI treatment, MRI 
diagnostics, response to different immunomodulatory treatments, 
and outcome after onset of autoimmune encephalitis.

ROLE OF C SF MARKERS

Neurofilament light chain (NfL) levels are an emerging biomarker indicat-
ing axonal damage in the CNS, especially after recent successful detec-
tion in serum using single-molecule array assays [4,5. NfL levels were 
assessed in the patient's CSF and serum, showing continuously increas-
ing CSF NfL and constantly elevated serum NfL (mean = 40 pg/ml ± 17.6) 
compared to serum NfL levels of 62 healthy controls ((mean = 5.7 pg/
ml ± 2.8) assessed in our laboratory. NfL reflected the patient's clinical 
course better than MRI findings or falling GAD65 autoantibody levels 
(Figure 1c), suggesting that this novel marker for CNS damage might be 
utilized as an additional monitoring parameter during ICI treatment. We 
propose that the significant benefit of NfL measurement lies in the possi-
bility of preventing CNS immune-mediated side effects by simple blood 
tests allowing early cessation of ICI treatment. Moreover, NfL might be 
utilized as an additional parameter for treatment monitoring of manifest 
autoimmune encephalitis, especially if patients do not present with a 
defined syndrome, and paraclinical findings, such as MRI or autoanti-
body detection assays, show no or minor alterations, as was the case 
with our patient. In previously published studies, NfL concentrations (i) 
were found to be elevated and (ii) dropped under sufficient treatment in 
patients with ICI-independent autoimmune encephalitis 6–8.
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